The goals of this study are to correlate the MR imaging characteristics with the surgery-related outcomes in patients with IVNCC and to develop a treatment algorithm for the surgical management based on these findings.
CLINICAL MATERIAL AND METHODS

Patient Population
We conducted a retrospective analysis of 30 patients with IVNCC treated at the University of California at Los Angeles-affiliated hospitals during a 10-year period between 1987 and 1996. Follow-up duration ranged from 2 to 11 years (mean 4 years). Twenty-nine patients were Hispanic and one was Asian. Twenty patients were female and 10 were male. Ages ranged from 14 to 71 years (mean 36 years).
Presenting Symptoms and Diagnostic Studies
The presenting IVNCC-related signs and symptoms are listed in Table 1 . As an initial evaluation, all patients underwent CT scanning of the brain. Those patients with acute obstructive hydrocephalus underwent temporary external ventricular drainage until definitive diagnosis and therapy were rendered. All patients subsequently underwent MR imaging of the brain, with and without administration of intravenous Gd. The clinical diagnosis of NCC was determined based on the patient's history, presenting signs and symptoms, and CT and MR imaging findings. In those patients in whom the diagnosis remained unclear, CSF and serum NCC antibody assays were obtained.
Surgical Management
Patients underwent one of the following therapies: 1) craniotomy and lesion excision, 2) placement of a ventricular shunt; or 3) craniotomy, lesion excision, and delayed placement of a ventricular shunt for recurrent or persistent hydrocephalus.
Patients with cysts causing hydrocephalus that were located in a surgically accessible region underwent craniotomy and excision of the lesion. Lateral and third ventricular cysts were excised by a frontal craniotomy via a transcortical exposure because of ventricular dilation. Resection of fourth ventricular lesions was performed via a midline suboccipital craniotomy and transvermian exposure. Craniotomy was undertaken in all patients harboring a lesion that caused symptoms due to mass effect. Patients with hydrocephalus and lesions that were difficult to treat surgically underwent shunt surgery, which was from the right frontal lateral ventricle to the peritoneal cavity, unless otherwise required due to the presence of an isolated enlarged ventricle.
Clinical Review and MR Imaging Characteristics
A retrospective review of all clinical and neuroimaging data was performed in all patients with IVNCC. We used the CT and MR imaging interpretations rendered by the staff neuroradiologist when each patient underwent his/ her initial and subsequent imaging studies. The surgical procedures were reviewed from hospital records. We then conducted the following: 1) comparison of CT and MR imaging features to determine neuroimaging diagnosis of IVNCC; 2) analysis of whether lesion excision or ventricular shunt surgery was a more effective treatment; and 3) determination of whether the presence (or absence) of Gd enhancement surrounding an IVNCC lesion on preoperative MR imaging was predictive of successful lesion excision compared with shunt surgery.
Statistical Analysis
In the statistical analysis for comparison of the aforementioned data we used the Bernoli process. 15 This allows for evaluation of percentage comparisons between different groups based on diagnostic or therapeutic regimens. A probability value of 0.05 was used as the critical value for statistical significance for the entire study.
RESULTS
Symptoms and Intraventricular Cyst Location
The most common IVNCC-related presenting symptoms were headache and nausea/vomiting (Table 1) . Other presenting symptoms were comparatively infrequent. Many patients experienced more than one symptom, as noted in Table 1 . Presenting symptoms related to hydrocephalus were the most common. The location of IVNCC lesions are summarized in Table 2 .
Comparison of Neuroimaging Modalities
Computerized tomography scanning revealed IVNCC lesions in three of 30 patients, and MR imaging demon- 
Surgical Management
Lateral Ventricular NCC. There were five patients with IVNCC lesions in the lateral ventricles (Table 2) , and all presented with hydrocephalus. Three patients underwent shunt surgery as a primary procedure, and two required no further treatment ( Table 3) . One of these patients underwent suboccipital craniotomy to remove a symptomatic fourth ventricular lesion, subsequently required multiple shunt revisions for obstruction, and ultimately died of complications related to brain edema, aseptic meningitis, and repeated shunt failure. Two patients underwent craniotomy and resection, and no further treatment (that is, no shunt surgery) was required.
Third Ventricular NCC. There were five patients with third ventricular cysts, and all presented with hydrocephalus. In four a shunt was placed, and in one craniotomy was performed to allow removal of the lesion (primary procedures) ( Table 3 ). In the patient who required craniotomy and cyst excision mass effect in the ventricle caused hemiparesis that resolved postoperatively. None of the patients with third ventricular lesions required further therapy regardless of treatment (that is, shunt surgery or craniotomy).
Fourth Ventricular NCC. There were 21 patients with fourth ventricular cysts. Twenty of the patients presented with hydrocephalus and one with mass effect (brainstem compression with quadriparesis and bilateral sixth cranial nerve palsies). In 11 patients shunts were placed, and 10 underwent craniotomy and lesion excision (Table 3) . Of the 11 shunt-treated patients, two required no further treatment, four required shunt revision, and five underwent subsequent craniotomy for cyst excision. Of the 10 patients in whom initial craniotomy was performed, three required subsequent placement of a shunt for recurrent or persistent hydrocephalus.
The overall reoperation rate in patients who underwent initial shunt surgery was 61% and in those who underwent initial craniotomy, the reoperation rate was 23% (Table 3) . Despite a numerical difference, they were not statistically different (p Ͼ 0.05).
Magnetic Resonance Imaging Enhancement and Outcome
On MR imaging, Gd enhancement surrounding the IVNCC lesions was present in 14 patients and absent in 17 patients (the patient with both lateral and fourth ventricular cysts being counted twice) ( Table 4 ). There were no differences in clinical symptoms or presentation between these groups.
Lateral Ventricles. Of the five patients with lateral ventricular cysts, Gd enhancement was demonstrated in three and absent in two (Table 4) . One patient in whom Gd enhancement was present required multiple shunt revisions and a subsequent craniotomy for excision of a fourth ventricular lesion; this patient later died of complications related to shunt malfunction. The other two patients in whom MR imaging revealed Gd enhancement underwent placement of a shunt and required no further surgical treatment. The two patients in whom MR imaging demonstrated no Gd enhancement required no further surgical treatment after the lesion was resected.
Third Ventricle. There was one patient in whom MR imaging revealed Gd enhancement and four in whom none was demonstrated (Table 4) . None of these patients required further surgical treatment regardless of initial treatment (that is, shunt surgery or craniotomy). patients and no enhancement in 11 patients. Reoperation was required in eight patients with IVNCC-related Gd enhancement, and in six cases these were shunt revisions. Of the 11 patients in whom neuroimaging revealed no Gd enhancement, three required reoperations.
The overall reoperation rate for patients in whom Gd enhancement was present was 64% compared with 19% in those patients in whom enhancement was absent (p Ͻ 0.00025).
DISCUSSION
Summary of Findings
Analysis of our data suggests three conclusions: 1) MR imaging is significantly better than CT scanning in the diagnosis of IVNCC; 2) in cases of nonenhancing IVNCC, craniotomy (open or endoscopic) should be performed and the cyst excised; and 3) in cases of enhancing lesions patients should probably undergo placement of a shunt. The presence of enhancement on MR imaging likely denotes ependymal and leptomeningeal inflammation; hence, even after cyst excision, hydrocephalus is likely to develop.
Overview of Cysticercosis
The tapeworm Taenia solium has a unique life cycle in which humans are the definitive host and pigs are the intermediate host. 22, 29 The disease manifests as two distinct clinical entities: taeniasis and cysticercosis. Taeniasis results from the ingestion of undercooked pork containing the mature cysticercus of T. solium, which develops into the adult worm in the human jejunum. The tapeworm is composed of a scolex and multiple egg-containing proglottids that periodically detach from the tapeworm and are excreted in the human stool. The eggs are then ingested by pigs and the cycle may be repeated, representing a relatively benign form of this disease. 29, 46 Cysticercosis in humans is acquired by ingestion of eggs containing primary larvae of T. solium. 12 Gastric acid activates the eggs to hatch, which releases the larvae into the upper small bowel where they penetrate the intestinal mucosa to enter the systemic circulation and disperse throughout the bloodstream. Human infestation with the primary larvae can occur in one of three fashions: 1) heteroinfestation (by ingestion of food or water contaminated by other human feces); 2) external self-infestation (ingestion of one's own contaminated stool); or 3) internal self-infestation (reverse peristalsis transporting the eggs from the small intestine into the stomach where they may hatch).
Overview of NCC
The larvae of T. solium have a marked predilection for the skin, muscle, and the central nervous system. 2, 6 Neurocysticerosis results from hemopoietic dissemination of the larvae to the meninges, brain parenchyma, or ventricular system. The brain is reported to be involved in 60 to 92% of cases, and in 7 to 20% of these cases the ventricular system is primarily involved. 1, 4, 18, 21, 23, 33 Brain parenchyma and intraventricular lesions develop by migration of the primary larvae through the capillaries and choroid plexus, respectively. The primary larva develops into secondary larva, or a cysticercus, with a scolex in a fluidfilled bladder within 60 to 70 days. 12 The parenchymal lesions remain localized, but intraventricular lesions can percolate through the ventricular system toward the fourth ventricle where most are found. 19, 20, 39 The migration through the ventricular system has been well documented and underscores the need for conducting a neuroimaging study prior to the planned excision to confirm that the lesion location has not changed. 1 The cysticercus lesions occur in different forms in the human brain. 11, 24 Cysticercus cellulosae is a thin-walled cyst measuring 4 to 20 mm in diameter, with a round 2-to 3-mm mural nodule, which is an immature scolex considered viable and usually detected in brain parenchyma or in the subarachnoid space. 11, 17, 26, 28, 40, 48 The living larva is thought to secrete factors that actively suppress the host immune system, producing only a mild inflammatory response. The parenchymal lesions have a terminal lifespan and larval degeneration activates the host immune system resulting in the greatest inflammation that is associated with the racemose form of cysticercosis. 28 This latter form tends to be a multilobular grape-like cluster several centimeters in diameter and is most frequently found in the basal cisterns, sylvian fissure, or ventricular system. This form lacks a scolex and is considered to be a sterile degenerated remnant of C. cellulosae. As the cyst undergoes further degeneration, it is usually visualized as a calcified nodule in brain parenchyma. 11, 17, 26, 28, 40, 48 Cysts in these differing forms may be detected in the same patient by CT and/or MR imaging, and the number ranges from a solitary lesion to thousands of lesions, although fewer than 10 per patient are usually detected. 11, 17, 26, 28, 40, 48 
Clinical Diagnosis
The diagnosis of IVNCC is made based on a combination of clinical and demographic data, symptoms, neuroimaging characteristics, and, if needed, results of laboratory tests. 2, 3, 5, 31, 40 Neurocysticercosis is commonly found in people from endemic third-world countries and is the most frequent cause of seizures and hydrocephalus in adults from Mexico, Central and South America, Asia, Africa, and Eastern Europe. 8, 23, 30, 38 Brain parenchymal involvement is the most common clinically significant manifestation and occurs in 30 to 63% of cases presenting as seizures, headaches, altered sensorium, or focal neurological signs. 17, 18, 23, 31, 33, 37, 43 Intraventricular NCC is uncommon by comparison and usually produces symptoms related to CSF obstruction, although it can also cause symptoms from mass effect or ependymal inflammation. 8, 9, 17, 18, 23, 31, 33, [35] [36] [37] 43 A combination of these obstructive and inflammatory symptoms occurs in 23% of cases. 8, 9, 35, 36 Mobile deformable lesions may cause intermittent or positional CSF obstruction with episodic elevations of intracranial pressure due to a ballvalve mechanism (Brun syndrome), causing life-threaten- ing acute obstructive hydrocephalus. 35, 51 Ependymal and arachnoidal inflammation can also cause obstruction of subarachnoid pathways and subsequent hydrocephalus. Diffuse meningeal inflammation has been reported to occur in 27 to 56% of cases, usually manifesting with headache, nausea, emesis, nuchal rigidity, and photophobia. 17, 18, 23, 31, 33, 37, 43 Similarly, this can also result in diffuse basilar arachnoiditis that produces arteritis, cranial neuropathies, or hydrocephalus.
Comparison of Neuroimaging Modalities
The neuroimaging diagnosis of IVNCC in this series underscored the efficacy of MR imaging over CT scanning. Routine CT scanning is excellent for identification of parenchymal calcifications, which are present in nearly 50% of patients with NCC, but is limited in the detection of intraventricular lesions because they often appear isodense with CSF and may conform to the shape of the ventricle. 32, 42, 50 Although MR imaging has been described as superior for detection of cisternal and IVNCC lesions in several reports, a direct comparison between the two modalities has not been published. Computerized tomography ventriculography has also been useful in our experience for detecting intraventricular lesions, but it requires an invasive procedure and may be limited by visualization only of the ventricular system proximal to an obstructing lesion. 21, 49 On several imaging sequences, particularly on proton density sequences, MR imaging clearly demonstrates IVNCC lesions with a cyst wall and probable scolex from the slightly lower-intensity CSF and higher-intensity fluid in the cyst. Neurocysticercosis lesions are also more easily differentiated because they degenerate, presumably due to the higher protein content within the cyst. 42, 50 A scolex, when present, is most clearly identified on T 2 -weighted images on which the lower-intensity signal of the scolex is distinguished from the high-intensity cystic fluid.
42,50
Laboratory Diagnosis
The following laboratory investigations for NCC can be a useful adjunct: CSF evaluation of peripheral blood smears, stool examination, and immunological studies. Cerebrospinal fluid abnormalities of lymphocytic pleocytosis, elevated protein, and hypoglycorrhachia are not sensitive, nonspecific, and have minimal diagnostic value. 17, 23, 37, 43, 47 Eosinophilia occurs in only 20% of peripheral blood smears. 11, 17, 27 Taenia solium ova in stool examinations are found in only 4% of cases, and their presence indicates concomitant taeniasis infestation and not NCC. 17, 23, 25 Serological studies of CSF and serum with enzymelinked immunosorbent assay and enzyme-linked immunoelectrotransfer blot are useful when clinical diagnosis is unclear. The former assay is associated with serum and CSF sensitivities ranging from 65 to 87% and 62 to 90%, respectively, for NCC and is slightly higher for IVNCC; 2,7,10,13 its specificity in serum is 63 to 100% and in CSF it is 98 to 100%. 2, 7, 10, 13, 45 The sensitivity of enzymelinked immunoelectrotranfer blot serum and CSF ranges from 94 to 100% and its specificity is 100%. 10, 14, 44, 46 Nevertheless, neither of these tests can differentiate NCC from intestinal Taeniasis and must be correlated with the clinical and neuroimaging data. hydrocephalus after cyst excision or shunt failures, and because there are a few existing guidelines. 1, 19, 20, 21, 39 Previous reports of the surgical management for IVNCC were published during the CT era, and no large series of surgery-related outcomes has yet been published since the advent of MR imaging. 1, 49 Analysis of our data suggests that the reoperation rate after shunt surgery is higher than craniotomy/excision (Table 3) . Although the differences in those patients who underwent initial placement of a shunt (11 [61%] of 18 compared with craniotomy) three [23%] of 13 did not reach statistical significance (p Ͼ 0.05), the percentages are compelling. Although shunt implantation is technically less demanding, recurrent obstruction-related problems potentially would be avoided if a craniotomy/excision alone were successful. 1, 19 Nevertheless, some patients may require subsequent shunt surgery despite successful craniotomy/excision, which occurred in nearly 25% of the patients we treated. Alternatively, the reoperation rate was nearly twofold higher in patients who initially underwent shunt placement; these reoperations included shunt revision or craniotomy.
Gadolinium enhancement of IVNCC lesions on MR scanning was an indicator of the poor treatment efficacy of these cysts, regardless of the procedure performed ( Table 4) . The presence or absence of enhancement can thus be used to create an algorithm for the management of IVNCC lesions (Fig. 4) . Enhancement presumably indicates the presence of diffuse ependymal inflammation, representing the greater difficulty required to resect these lesions because of arachnoidal and ependymal scarring. 1, 19, 49 Therefore, patients in whom MR imaging reveals enhancing IVNCC lesions may be preferably treated with a shunt procedure, and those in whom this modality demonstrates no enhancing IVNCC lesions should be considered for craniotomy and lesion excision because the risk that secondary shunt surgery will be required, based on this experience, is lower.
The future management of intraventricular lesions will continue to evolve as new minimally invasive endoscopic surgery begins to replace open craniotomy in certain cases and as third ventriculostomy may reduce the need for shunt surgery in some patients with obstructive hydrocephalus. This technology will also allow further evaluation of the issues regarding the presence (or absence) of Gd enhancement and surgical treatment options.
CONCLUSIONS
Intraventricular NCC lesions produce symptoms by obstruction of CSF pathways, and most are found in the fourth ventricle to which they tend to migrate. Magnetic resonance imaging clearly demonstrates these poorly defined lesions, and the presence of Gd enhancement is associated with a higher rate of treatment failure requiring reoperation. If Gd enhancement is absent on MR imaging, craniotomy combined with cyst excision is the preferred initial treatment, and if enhancement is present shunt surgery is possibly the preferred treatment.
